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Abstract 

Attenuation properties ol 3 treated fan Inlets 
were evaluated in the NASA-Lewls Anechoic Wind Tun- 
nel using a subsonic tip speed, 50.8 cm-dlametcr 
model fan. Tunnel flow simulated the Inflow clean- 
up effect on source noise observed In flight and 
allowed observation of Che blade passage frequency 
tone cut-off phenomenon. Acoustic data consisted 
of isolated inlet noise measured in the far field 
at two fixed positions and with traverses at 4 fre- 
quencies. Attenuation and source noise properties 
with and without flight simulation are compared and 
discussed. Averaged attenuation properties sliowed 
relative agreement of Che inlets with their design 
intent, however, tunnel Clow significantly affected 
the attenuation spectre. With no tunnel flew the 
strong blade passage Cone was more highly attenu- 
ated chan the adjacent broadband noise. With tun- 
nel flow, when ,';ut-off was observed, the attenua- 
tion at the tone frequency was comparabls to choc 
for broadband noise. Tunnel flow genera tly in- 
creased by sevjral dB the maximum attenuation oc- 
curring at midfrequencies of Che attenuation spec- 
tra. The combined effect of tunnel flew on atten- 
uation and source noise, however, generally re- 
sulted In suppressed Can noise levels throughout 
the spectra that were as low or lower than those 
obtained statically. Tunnel Clow caused some sub- 
stantial directivity variations Chat are inter- 
preted as acoustic mode changes, with tunnel flow 
generally reducing the proportion of modes near cut- 
off. Narrowband spectra reveal a multiplicity of 
shaft order tones that ate interpreted in Ceims of 
rotor imperfections, inflow distortions and modal 
content. A tonc-llke high frequency noise was 
identified as self-noise from the honeycomb/perfor- 
ate treatment used in two of Che inlets. 

Introduction 

Forward flight is known often to reduce or niter 
the noise generated by the bypass fan of an air- 
craft engine compared to that observed during 
groucd-stacic operation as exemplified in ref. 1. 

The changes in fan noise are attributed to the 
cleaner in-flov? that occurs during flight than on 
the ground. Considerable effort has been expended 
Co evaluate and understand these ran source noise 
changes because of the Impact flight effects can 
have on the development of quieter aircraft engines. 
Operational aircraft, however, almost invariably 
employ acoustically treated fan inlets and exhaust 
ducts. Equally important to source noise changes, 
therefore, is Che response of acoustic treatment to 
the changes in source noise incurred during flight. 
Noise suppression can be highly sensitive to 
changes in the propagating patterns chat exist in a 
created duct. 2 The question of treatment effective- 
ness during flight compared to that during ground 
static testing, however, has received little atten- 
tion. 

’'Aerospace Research Engineer, V/STOL and Noise 
Division. 

**Aerospace Research Engineer, Hind Tunnel & 
Flight Division. 


The purpose of this paper is to report the acous- 
tic results of some simulated-flight tests of a 
model fan with treated inlets. The tests wore con- 
ducted in the NASA-Lewis 9*15 Anechoic Wind Tunnel. 
The fan stage was designed for blade passage tone 
cut-off due to rotor/scator interactions according 
to the Tyler-Sofrin theory. 5 Previous acoustic 
tests in Che tunnel with the model £anli4 showed 
that flight effects on fan source noise were simu- 
lated at tunnel flows above about 20 H/sec. The 
prominent features of the simulated-flight noise 
that distinguish it from sduClc noise wore (1) a 
substantially reduced level of the fundamental 
blade passage cone, (2) reduced time unsteadiness of 
a tone harmonic level and (3) a distinctively lobed 
directivity of a propagating tone harmonic. In the 
current study three treated inlets were tested with 
and without tunnel flow ad three subsonic fan 
speeds. 

With regard to acoustic treatment design, a 
honeycomb backing with perforated faceplate was 
used for two of the inlets and bulk absorber materi- 
al with a perforated faceplate was used for the 
othoT inlet. The inlets had been designed for and 
statically tested with a similar model fan^ In sup- 
port of a quiet engine (QCSEE) devolopraond program. 
The designs do not reflect any specific attempt to 
capitalize on the differences in flight and ground- 
r.tatlc fan source noise. The wind tunnel results, 
however, are believed to be indicative of the sup- 
pression changes that might bp expected during 
flight for currently used treated Inlets. 

Test Facilities and Procedur e 

The wind tunnel facilities, model fan and instru- 
mentation are identical to that described for the 
previous tests3|4. Figure 1 shows the model fan in- 
stalled In the anechoic test section of the wind 
tunnel. Acoustic measurements are limited to fan 
Inlet noise by ducting the fan exhaust outside the 
test section through the acoustically treated ex- 
haust stack. The rotatable boom microphone shown in 
the photograph was located 3.6 fan diameters from 
the center of t'le inlet face and was the primary 
source of acoustic data. Traversing measurements 
through the fan inlet quadrant were recorded on-line 
for 1/3-octave band signals at 1, 1-1/2, 2 and 2-1/2 
times the blade passage frequency for each test con- 
dition. Acoustic signals were also tape recorded 
for later reduction at fixed boom microphone posi- 
tion of 60 and 90 degrees from the inlet axis. 

The reported acoustic data are generally limited 
to frequencies above 1000 Hz because of tunnel flow 
noise and anechoic properties of the tear section. 
The data from the on-line traversing measurements 
were generally adjusted to that measured at fixed 
position in the traversing plane. The absolute ac- 
curacy at the fixed positions based on direct cali- 
bration of the microphones was expected to be tl dB. 
Analyses of some supplemental calibration data, 
however. In some instances indicated absolute level 
differences of about 2 dB between tests made on 
different days. The supplemental data consisted of 
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Che measured broadband noise of a small eallbratcd 
air Jet that was introduced between scries of tests 
and the very low frequency noise for each test con- 
dition that appeared Insensitive co Che Inlet con- 
figuration being tested. D.ita corrections were 
made on the basis of the supplemental calibration 
results for certain test days. Specifically, the 
measured noise levels were reduced by 2 dU for Che 
hardwall inlet tested without tunnel flow and for 
inlet A (described later) tested both with and 
without tunnel flow. 

Some of Che design properties of the 50.8 cm 
(20 in.) diameter subsonic tip-speed fan stage are 
given in Table I. A variable pitch rotor (NASA- 
Lewls Rotor-55) is used in this stage at its design 
blade angle setting. According to the Tyler-Sofrln 
theory, the vanc/blade ratio of 1.67 shown in 
Table I produces cut-off of the fundamental blade 
passage frequency (BPF) tone from rotor /stator in- 
teractions below about 107% of the design speed. 

The second harmonic should not be cut-off above 
very low fan speeds but should be limited to a few 
propagating modes. In the previous tescs3,4| fun- 
damental tone cut-off at tunnel flows above about 
20 m/sec was observed. Tunnel flow reduced the 
time unsteadiness of the second harmonic cone and a 
distinctively lobed far-field directivity pattern 
was observed. No dramatic increase in the funda- 
mental tone level was noted, however, at fan speeds 
above the cut-off speed. 

In the previous study^i^ tests were made with a 
hardwall untreated fan inlet for parametric varia- 
tions in fan speed, fan loading, inlet angle of 
attack and tunnel velocity. For this study, tests 
were made with the hardwall and three treated 
inlets at 95, 106 and 110% of fan design speed at 
both 0 and 43 m/sec tunnel velocities. Zero angle 
of attack was used. The fan speed changes, however, 
were made along an operating line that differed 
from that used in the previous study. Higher fan 
speeds required for the previous study necessitated 
an operating line that avoided choked fan flow con- 
ditions as is evident in the fan performance map 
shown in figure 2. 

Fan Inlet Configurations 

Design properties of the acoustically treated 
inlets and the reference hard wall inlet are shown 
In Table II. The basic aerodynamic design is iden- 
tical for all the inlets and is representative of a 
conventional flight type inlet having a throat Kach 
number of 0,60. The acoustic treatment used in the 
inlets consisted of two types. A honeycomb struc- 
ture with perforated faceplate was used for Inlets A 
and A(mod) and a bulk absorber (Scotcfelt) with 
perforated faceplate was used for Inlet E. Inlet 
A(mod) is Inlet A with the forward low frequency 
segment of the 3 segment configuration taped to make 
it Inactive, Aerodynamic tests were conducted with 
these and other inlets In a separate study. 7 The 
results showed inlet flow to be attached and a 
pressure recovery above 0. 99 at the conditions for 
the current tests. Although pressure recovery was 
always high, there was soma evidence of decreased 
pressure recovery with Increased open area ratio of 
the perforated faceplate with Inlet E exhibiting the 
lowest pressure recovery. 

The treated Inlets used in this study were de- 
signed and previously tested by the General Electric 
Co. in support of the NASA-Lewis QCSEE (Quiet Clean 


Short-Haul Experimental Engine) Program.^ In that 
study, a 50.3 cm (20-ln.) diameter Can stage desig- 
nated the QCSEE-slmulator was used. This fan stage 
fc d a higher design tip speed (306.3 m/sec), rotor 
blade number (18) and blade/vane ratio (1.83) than 
that used in the current study. Fundamental tone 
cut-off for this fan stage would be expected below 
about 92% of design speed with clean inflow. 

Static acoustic tests were made with this fan in an 
anecholc chamber. The treated sections of the 
inlet, however, were tested with an neroacoustic 
(modified bcllmouth) rather than the flight-type 
inlet used in the current study. Some comparisons 
with those previous results will he made. 

The design of the acoustic trestment was intend- 
ed to minimize the perceived noise levels of a full- 
scale version of the QCSEE-Simulator fan stage. 

The tuning frequencies listed in Table II reflect 
this design objective. The inlet designs, there- 
fore, were not intended to meet any specific noise 
objective for the model or full-scale version of 
the Eotor-55 fan stage. They are used in this 
study because they represent state-of-the-art 
treated inlets that arc useful to explore the ef- 
fects of flight on noise suppression. 

The tuning frequencies listed for these inlets 
in Table II are actually the design frequencies 
used to specify the treatment configuration giving 
optimum suppression for a specific duct acoustic 
mode. The lowest radial order of the 10th order 
spinning lobe mode was used to design the honeycomb/ 
perforated plate configurations.® For other modes 
the maximum but not necessarily optimum suppression 
will occur at a different frequency from the values 
listed. The maximum suppression for a mixture of 
modes characteristic of broadband noise would gen- 
erally be expected to occur at a different fre- 
quency than that shown in Table II. The uncertain- 
ties chat exist at this time in specifying the 
acoustic modes that are present at significant 
levels severely restricts any prediction of suppres- 
sor behavior expected from a change in source noise 
due to flight, operating conditions or fan config- 
uration. 

The tuning frequency for the bulk absorber treat- 
ment used for Inlet E was assigned broadband proper- 
ties in the previous study.® The depth and com- 
pactness of Che bulk absorber material, however, 
does determine the frequency region where it is most 
effective. For the material used in Inlet B the 
suppression Is expected to center around 5000 Hz 
and encompass Che same frequency range expected 
from the three treated segments used in Inlet A, In 
other words, Inlets A and B had similar noise sup- 
pression design objoccives but differed in treatment 
structure. 

Inlet A(mod) was tested in an attempt to evalu- 
ate the effectiveness of Che forward segment of 
CreaCment in Inlet A. The leading edge of this 
segment approaches the Inlet throat and Is in a 
region of high flow diffusion where the behavior of 
acoustic treatment is questionable. A comparison 
of the results of Inlet A with that of Inlet A(mod) , 
where the forward segment was taped, was expected to 
give seme insight into the behavior of treatment In 
a diffusion zone. 

Modal Propagation 

Modal propagation is the classical method used 
to analyze and to characterize fan noise generation 
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and propagaclon. Many of Che resulCn of citia study 
will be Incerpreced in terms of acoustic mode pro- 
perties extracted from previous analyses. Some of 
these acoustic mode properties will be discussed In 
this section. 

I'onc noise is of primary Interest. Tone noise, 
however, is not limited to the blade passage fre- 
quency and its harmonics but also Includes shaft 
order tones (tones at the fan shaft rotational fre- 
quency and its harmonics). Shaft order tones were 
evident in the spectra previously reported for the 
fan^ and will be sbovm to be even more prominent at 
the fan operating conditions used in this study. 
Figure 3 Is typical of the narrowband spectra ob- 
tained with the fan during static test conditions. 
Nearly all of the shaft order tones can be Identi- 
fied In the spectra. 

The modal propagation that can be associated 
with these shaft order forms will bo based on the 
analyses of previous investigators®”^'^. Tone noise 
is assumed to be generated by the Interaction of 
rotor wakes with the stator vanos and the interac- 
tion of the rotor with Inflow distortions. The 
acoustic modes generated consist of plane waves and 
circumferentially lobed patterns that spin both 
with and counter to the rotor. The spinning modes 
essentially propagate In the fan inlet along heli- 
cal paths. When the helical angle of the propaga- 
clon path is large Che mode is considered highly 
propagating. The degree of propagation decreases 
with a decrease In the helical angle. The mode 
does not propagate or Is denoted as cut-off when 
the angle is zero. A mixture of propagating modes, 
clierefore, can range from highly propagating to 
near cut-off modes. 

Figure 4 displays acoustic modes by which the 
shaft order tones can propagate through the inlet. 
The circumferential spinning order, m, (number of 
lobes) of propagating patterns allowable at each 
shaft order (frequency) are shown for the 106X of 
design fan speed. The value of m is an integer 
and Che values for which at least the lowest radial 
order of the spinning mode can propagate are dis- 
played within the figure. Negative values of m 
denote modes rotating counter Co Chat of the rotor. 
The highest value of m at each shaft order (the 
extremities of the numerical pattern) are near cut- 
off and Che lowest values of m are highly propa- 
gating modes. The zero order mode Is the plane 
wave and most highly propagating for each of the 
family of modes. When the mode is highly propagat- 
ing Che higher radial order modes with Che some 
circumferential order m can also propagate and 
considerably increase the population of modes be- 
yond that shown In figure 4. 

The construction of figure 4 Is based on an anal- 
ysis where the circumferential order of the acoustic 
mode (number of lobes) , m, Is given by the sum and 
difference of any circumferential order of the 
rotor, n, and any circumferential order, k, of a 
fixed flow field pattern in the duct, m = (n ± k). 
The criteria for propagation depends on the actual 
rotational speed of this mode and its eigenvalue. 

The evaluation for propagation was made at Che fan 
Inlet throat and Includes the effect of flow on 
propagation. The Tyler-Sofrin theoryS for rotor/ 
stator interactions is a special cast for a perfect 
rotor and perfect stator where the value of n and 
k are Integer multiples of the number of rotor and 
stator blades, respectively. The perfect rotor and 


stator modes with clean (distortionless) inflow are 
shown circled In figure 4. No mode Is circled for 
the BPF (15th shaft order) because it Is cut-off at 
the Inlet throat for tills fan speed and only the 
harmonica of the HPF tone can propagate. Inter- 
mediate shaft order tones cannot arise from a per- 
fect rotor. 

The effect of inflow disturbances on mode gener- 
ation depends on the circumferential orders (simi- 
lar to harmonic component) needed to depict a fixed 
Inflow distortion. For this case, any integer 
value of the circumferential order k Is possible. 
The possible acoustic modes obtained with a perfect 
rotor and a fixed Inflow distortion arc shown by 
the values enclosed by the vertically aligned rec- 
tangles. these modes are also possible with an Im- 
perfect stator row where the vane spacing Is not 
equal and k cannot be limited to Integer multi- 
ples of the number of vanes. The Inflow distortion 
or imperfect stator with a perfect rotor Increases 
the number of possible modes at Che BPF and Its 
harmonics but docs not account for other shaft 
order tones. 

For clean Inflow, a family of shaft order cones 
at other than the BPF and its harmonics Is only 
possible with an Imperfect rotor (unequal blades 
spacing or blade angles). The diagonally aligned 
rectangles shown In figure 4 enclose Che probable 
modes for the interactions of on imperfect rotor 
with a perfect stator and clean Inflow. All shaft 
order cones higher than the BPF are shown to bo 
possible for rhis fan at 1065! of design speed. The 
number of possible modes at each shaft order, how- 
ever, Is limited to a few spinning orders. Inflow 
distortions or an Imperfect stator are needed to 
Interact with the Imperfect rotor to Increase Che 
number of possible modes. Under such conditions all 
modes shown in figure 4 are possible. 

On the basis of this modal analysis and tho evi- 
dence of a multiplicity of shaft order tones in the 
spectra of figure 3, It Is concluded that the tests 
In this study were conducted with an imperfect 
-oCor. The variable blade angle design features of 
Che rotor and Che possibility of mlsadjustments may 
have contributed to the Imperfection although evi- 
dence of imperfect rotors is also frequently ob- 
served with fixed designs ®>5>U. Ic can also he 
concluded from figure 4 that the imperfect rotor 
Interacts with an inflow distortion or an imperfect 
stator. The shaft order tones evident below the 
BPF tons are only possible under such conditions. 

The strong BPF tone is also Indicative of Inflow 
disturbances. All tones, therefore, can be pre- 
sumed to be a mixture of modes spinning In both 
directions and ranging from near cut-off to the 
highly propagating plane wave. The number of modes 
in the mixture increases with shaft order. 

Although flgdrt' 4 characterizes the modes associ- 
ated with shaft order tonofi it is also indicative of 
the modal content of any broadband noise. The pro- 
pagation of broadband noise is not limited to shaft 
order tones but can occur at all intermediate fre- 
quencies. At the shaft order frequencies the prob- 
able broadband noise modes are identical to that for 
the shaft order tones. At Intermediate frequencies 
Che broad band modes are intermediate to chat fo* 
the adj.iccnt shaft order tones shown in figure •>. 
Broadband noise, therefore, can also consist el a 
modal mixture rai.ging from highly propagating t‘< 
near cut-off modes. 
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The propagutlon oE nodal mixtures was analyzed 
by Saule and Rice^2»^^ and generalities were ex- 
pressed regarding Ear-field directivity patterns. 

A modal mixture consisting of equal energy in all 
possible modes at a given frequency can be assumed 
as a reference case. If the energy distribution is 
more heavily weighted toward the highly propagating 
modes the directivity at low angles from the fan 
inlet axis increases at the expense of that near 
the plane of the fan. Conversely, the directivity 
near the plane cf the fan is increased by weighting 
the mixture with modes neor cut-off. Changes in 
directivity patterns, therofo a, can be indicative 
of changes in the energy distribution of modal 
mixtures. The directivity pattern of a modal mix- 
ture is relatively uniform and docs not exhibit the 
distinctive lobed pattern^ of a single mode. A 
lobed far field directivity pattern is only ex- 
hibited when the acoustic energy is concentrated in 
relatively few acoustic modes. 

The attenuation properties of modal mixtures by 
inlet suppressors were also examined by Rlcel^< and 
generalities expressed regarding far-fleld propa- 
gation properties. For a modal mixture at a given 
frequency, the attenuation of the modes near cut- 
off is usually much larger chan that for the highly 
propagating modes. The attenuation observed in the 
far-field as a function of angle from the fan axis, 
therefore, can be indlcatlva of the modal mixture 
generated by the source. If the attenuation in- 
creases with an Increase in the angle from Che in- 
let axis, modes near cut-off may be prevalent in 
Che modal mixture. If the attenuation is relative- 
ly uniform, the modal mixture may be dominated by 
Che highly propagating modes. These generalities 
may be obscured by other possible complexities of 
duct attenuation and far field directivities but 
provide some Insight into Che modal mixture present 
in the propagating noise. 

These selected generalities of modal propagation 
will be used in the subsequent discussion of both 
Che source noise and treated inlet results. 

Source Holse Characterization 

The effect of flight on the performance of inlet 
suppressors is Intimately involved with the effect 
of flight on fan source noise because acoustic 
treatment is expected to be primarily sensitive to 
changes In Che modal patterns chat enter a treated 
duct. Although these modal patterns can seldom be 
specifically identified, a characterization of the 
spectral and directivity properties of the source 
noise may provide some insight into the variability 
of modal propagaclon that can be experienced. In 
this section, teat results obtained with the hard- 
wall untreated Inlet will be presented. They will 
be used to not only identify source tioise proper- 
ties but also provide Che datum used Co evaluate 
attenuation levels for the created inlets. 

One-Third Octave Band Spectra 

TUc effect of tunnel flow on Che i/3-occave band 
spev^iVal properties were previously reported. 

results, however, were obtained at fan oper- 
ating conditions chat differ from those used in 
this study. T ,\0 differences in operating conditions 
aro idontlflcd in the fan performance map shown In 
figUl'tt 2, A relatively low fan blade loading was 
used for the present study with the IlOX of design 
fan apped condition lying close to the choked flow 


line. As previously reported^, source noise 
changes are experienced wittt 0 change in blade 
loading. 

The effect of tunnel flow on the 1/3-ocrave band 
spectra for Che three fan speeds used in this study 
is shown in figure S. The changes in spectral pro- 
perties with tunnel flow ore similar to those pre- 
viously observed. The most prominent effect of 
tunnel flow is the reduced level or apparent elim- 
ination of the fundamental blade passage frequency 
(OFF) tone. This clionge In source noise is attrib- 
uted Co both the cut-off design feature of the fan 
stage and the cleaner fan inflow with tunnel flow. 

Spectral changes at freqi’cncics other chan at 
the BPF are more evident at 90° chan at 60° from 
the inlet axis. At the 90° position, high fre- 
quency noise is reduced by tunnel flow at all three 
speeds. As previously stated, a noise reduction in 
the plane of the fan may be Indicative of a change 
In modal content. The change noted in figure 5 
implies that tunnel flow reduced the proportion of 
modes near cut-off in the modal mixture. Addition- 
al evidence of such changes in source noise will be 
discussed later. 

Directivity Patterns 

The directivity patterns from the microphone 
traverses for the hardwall inlet obtained with and 
without tunnel flow arc shown in figure 6 for the 
106% of design fan speed. The patterns are similar 
to those reported and discussed previously. 3,^ The 
level of the BPF tone and the time unsteadiness of 
both die BPF and the 2X3PF tone are reduced by tun- 
nel flow. The lobular directivity pattern for the 
2 BPF cone with tunnel Clow Is less distinct than 
that previously observed3 or that obtained at other 
fan speeds. It is indicative, however, of rela- 
tively fewer acoustic modes containing most of the 
acoustic energy. The noise at 1.5 and 2.5 times 
the BPF (presumed to be broadband noise) exhibits 
less unsteadiness and less change with tunnel flow. 
The unsteadiness of the tones under static test 
conditions Is attributed to the Interaction of the 
rotor with inflow disturbances intermittently in- 
gested by Che inlet. Tone source noise under static 
conditions is presumed to consist of a changing 
mixture of duct modes with any of the allowable 
propagating modes being probable. Time unsteadi- 
noss also Increases Che bandwidth of a cone because 
of the phase and frequency modulations chat accom- 
pany time unsteadiness (random amplitude modula- 
tions of the tone). 

The differences in the directivity patterns (flow 
minus no flow) are shown in figure 7 for Che i fan 
speed conditions. The differences In level cannot 
be considered precise because of the unsteadiness of 
Che recorded levels and accuracy limitations of the 
facility. The difference patterns, however, are 
similar at all fan speeds. Tunnel flow reduced the 
BPF tone about 10 dB at all inlet angles. The dif- 
ference pattern for the 2XDPF tone varies with Inlet 
angle because of Che lobular pattern of this tone 
exhibited with tunnel flow. The average level of 
Che 2XBPF Cone did not change significantly although 
there is a reduction trend with increasing inlet 
angle. This result as previously discussed Implies 
Chat the number of modes near cut-off have been re- 
duced. As Indicated In figure A, modes near cut-off 
should be eliminated by inflow clean-up for an im- 
perfect rotor and perfect stator. The noise nt 
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BPF also exlilbics a variation ulth Inlet angle 
that Ininllcs a proportional reduction In modes near 
cut-olt. The increosed level exhibited at lover 
inlet angles, if reliably measurcdi indicates some 
Ineccaac in highly propagating modes. Thu noise 
at 2.5 Bl’F did not exhibit this increase at small 
angles. The trend shown for the 2.5 BPF level 
infers that tunnel flow cnchanccs the number or 
level of modes propagating at about 60° from the 
inlet ot the expense of modes near cut-off. These 
changes at 1.5 and 2,5 BPF (presumably broadband 
noise) are more pronounced than chose observed for 
the fan operating line of the previous study. 

Any modal properties Infercd from 1/3 octave 
band data must be qualified because of the varied 
spectral structure that can occur within the 1/3- 
octave bandwidth. The fallowing results obtained 
from narrow band spectral analyses of the data il- 
lustrates that the detailed spectral structure 
indeed is complex. 

Harrowband Spectra 

Narrowband spectra (25 Ilz bandwidth) both with 
and without tunnel flow are shown In figure 6 for 
inlet angles of 60” and 90° and a fan speed of 106Z 
of design. The property of these spectra of pri- 
mary interest is the multiplicity of shaft order 
tones. The shaft order and thv frequency for these 
tones arc denoted by the abscissa in figure 8. The 
narrowband spectra for static conditions, as pre- 
viously stated, are Indicative of Che imperfect 
rotor interacting with an inflow disturbance or 
with an Imperfect stator. The shaft order tones 
evident at the very low orders are only possible 
under such conditions. The strong BPF tone is also 
Indicative of Inflow disturbances. All tones arc 
presumed to be a mixture of modes shown In figure A 
with the number of modes in the mixture increasing 
with shaft order. 

The spectra obtained with tunnel flow show a 
weak BPF Cone and a variety of shaft order tones. 
The reduction in the BPF tone caused by tunnel flow 
is Indicative of inflow clean-up. The weak tone 
may be due to either some residual Inflow distor- 
tion or stator Imperfections. The BPF tone, how- 
ever, borders on cut-off and the weak tone may also 
Indicate Incomplete cut-off or the Imprecision of 
the cut-off theory for a diffusing inlet. The 
variety of shaft order tones shown in tho spectra 
with tunnel flow confirm that the rotor is imper- 
Eoct. Tones at shaft orders lower than that for 
the BPF tone, however, are not evident as expected 
with clean inflow. On the basis of these spectral 
results the remaining shoft order tones are prob- 
ably primarily confined to the acoustic modes as- 
sociated With an imperfect rotor, perfect stator 
and clean inflow. The circumferential orders for 
these modes arc identified in figure 4, however, 

Che number of allowable modes is greater than that 
shown because higher radial order modes are also 
allowable for the lower circumferential orders. 

The complexity of tho modal propagation is fur- 
ther revealed by Che point by point differences in 
narrowband spectra shown in figures 9 and 10. The 
spectral changes obtained with tunnel flow at 60° 
from the Inlet ace shovm In figure 9. The reduc- 
tion in level of the cluster of shaft order tones 
at the BPF is an expected result. At other fre- 
quency regions, however, some shaft order tones are 
significantly increased. The result Implies chat 


tunnel flow can significantly alter the source 
noise generation process and does not simply re- 
move or reduce the noise caused by inflow disturb- 
ances. 

The effect of tunnel flow on spectral properties 
at only one angular position must bo interpreted 
with caution. Figure 10 Illustrates the spectral 
changes In shaft order tones that can occur with 
angular position. The differences between the 
spectra at 60' and 90° from the inlet are shown for 
both static .and tunnel flow conditions. The dif- 
ference I '-' trum for the static test is relatively 
uniform compared to that with tunnel flow. The 
shaft order tones observed with tunnel flow In fig- 
ure 10 appear highly variable with Inlet angle. 

Such variability Is expected when relatively few 
nodes arc propagating to give a highly lobular 
directing pattern. 

Another characteristic of the source noise that 
may be siirnif leant to the interpretation of the 
Inl, f ipprcssor results is the extreme sensitivity 
ot spec'r.il i ; rtles to changes In operating con- 
ditions of ::iis tan. Figure 11 shows the narrow- 
band and 1. 3-octave-band spectra at 60° from the 
Inlet for two very closely spaced fan operating 
conditions with tunnel flow. The upper spectra in 
figure 11(a) is for the 106Z speed condition pre- 
viously shown in flguro 7. The lower spectra Is 
for the sar‘- fan speed except for a slight increase 
In loading o; tjlned with a nozzle area change. The 
total pressure Increase and the flow rate decrease 
for this condition are both less than 1/2 of IZ. 
These small changes, however, caused significant 
changes in the shaft order tones evident in the 
spectra of figure 11(a). The effect of the small 
operating cuniiltlon change Is particularly impor- 
tant because the total pressure losses Inherent with 
created Inlets can affect operating conditions to 
the extent used in Che illustration for figure U. 
The introduction of a created inlet, therefore, may 
significantly alter the source noise for this fan 
stage and a source noise description based on hard- 
wall inlet results will not be as precise or accu- 
rate a reference condition for evaluating suppressor 
performance as desired. 

This attempt to characterize the source noise 
has shown that a precise description, particularly 
with regard to the propagating acoustic modes, is 
not possible with Che available data. The inflow 
clean-up obtained with tunnel flow has revealed that 
the source noise of a fan can exlilblt an individual- 
istic type of character chat Is usually obscured 
during static testing. The uniqueness of the con- 
figuration or the operating condition for the fan 
used in this study can only be assessed after a 
variety of fan designs have been tested under simi- 
lar conditions. 

Treated Inlet Results and Discussion 

In this section the results obtained from tests 
with the treated inlets will be presented and the 
attenuation properties of the 3 inlets will be com- 
pared and discussed. The 1/3-octave band spectra 
results will be discussed first .and the results from 
the 1/3-octave band directivity traverses and from 
narrowband spectral analyses will follow. Some 
comparisons with the results from previous tests 
with the inlets^ will also be presented. Finally, 
the evidence of noise generated by the acoustic 
treatment will be discussed. 
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One-Third Octave Band Sncctro 

The 1/3-octavo spectra at inlet angles oE 60° 
and 90° measured vlth the 3 inlets Installed on the 
fan are presented in figures 12-lA. The results 
with and without tunnel flow are shown in each fig- 
ure for comparative purposes. The moat prominent 
effect of tunnel flow for all three inlets is the 
virtual disappearance of the BPF tone. This de- 
crease in the BPF tone, of course, is primarily the 
result of a source noise change and not indicative 
of the suppressor performance that will be examined 
in more detail subsequently. Spectral differences 
with and without tunnel flow at other frequencies 
exhibit a more varied behavior. 

There ace several limitations to the results 
presented in figures 12-lA. One is the malfunction 
of the boom microphone for inlet A(mod) when it was 
tested statically. Tile results shown for this con- 
dition wore Inferred from auxiliary microphones 
located in the test section ceiling. (The Inferred 
level is Che hardwail level of the boom microphone 
minus the attenuation of Inlet A(mod) measured with 
the celling microphones.) The comparisons of 
levels with and without tunnel flow for Inlet A(rood) 
in figure 13, therefore, are questionable. Also, a 
tunnel noise floor may have influenced some of the 
very low noise levels measured with the tunnel 
flowing. The noise floor with the tunnel flowing 
was not approached but the noise floor with both Che 
tunnel flowing and the fan drive system fully loaded 
could not be established. 

The spectral comparisons presented in figureu 12- 
14 show chat the suppressed noise levels with tunnel 
flow are in most instances as low or lower than 
those for the static tests. On the basis of this 
result, therefore, the noise performance of this 
fan with these suppressors in flight may be ex- 
pected to be as good or better than that projected 
from conventional ground static test results. 

The attenuation (difference in hardwail and 
treated inlet levels) obtained with Che 3 inlets 
with and without tunnel flow are compared in fig- 
ures 15-17. A distracting feature of the attenua- 
tion spectra is the region of negative attenuation 
at high frequencies. As will be discussed later, 
flow Induced noise generated by perforated-plate/ 
honeycomb configurations appears to be the cause of 
the negative attenuations. The treatment self- 
noise was Judged to be confined to the highest 1/3- 
octavc band shown In the spectra. 

The attenuation spectra shown in figures 15-17 
exhibit the varied behavior with inlet angle and 
fan speed that Is typical of suppressor experiments. 
Any generalized attenuation properties that ate ob- 
served, therefore, must often be qualified by the 
unique behavior observed at a particular angle or 
speed. Such dcvlatlona Ir. consistency similarly 
limit any general assessment of the effect of tunnel 
flow on attenuation properties. Rather than using 
the specific comparisons shown in figures 15-17 to 
assess generalized effects, the comparison of aver- 
age values shown In figures 18 and 19 will be used. 
The values displayed are the arithmetic averages of 
the attenuations at each frequency of the 6 spectra 
shown in Che previous figures. 

The average attenuation spectra for the three 
Inlets ate compared in figure 18 with and without 
tunnel flow and the spectra with and without tunnel 


flow are compared for each inlet in figure 19. The 
comparison of the Inlets In figure 18 shows that 
the differences among attenuation spectra generally 
agree with the differences in design. Inlet B ex- 
hibits somewhat broader band attenuation than 
Inlet A and the attenuation of A(mod) la low at low 
frequencies because of the taping of the low fre- 
quency treatment section. The loss in attenuation 
for Inlet A(mod) , due to taping, however, appears 
CO occur at a somewhat lower frequency than that 
expected for its tuning frequency of 3550 Hz. The 
attenuations for Inlets A and A(mod) also do not 
exhibit Che attenuation peak centering on 11,180 llz 
as expected from the listed tuning frequency for 
the high frequency segment. The general observation 
is that the attenuation for all the honeycomb/ 
perforate segments occurred at a lower frequency 
than that expected from the tuning frequency listed 
in Table II. The difference between the acoustic 
mode used fc .;he design and the actual modal mix- 
ture experienced Is a probable cause for such a 
shift in the frequency for maximum attenuation. 

The attenuation peak occurring at 6,3 kHz is at 
about the same level for all these Inlets. The 
comparable levels at the mid frequency range were a 
design objective. In summary, the expected per- 
formance of the Inlets relative to each other was 
obtained and the inlets can be considered represen- 
tative state-of-the-art configuratious. 

The effect of tunnel flow on attenuation proper- 
ties is best examined by referring to figure 19 
where each inlet is considered separately. The 
effect of tunnel flow on attenuation primarily 
occurs In two frequency regions. One is centered 
near the BFF (about 2 kHz) and the other at about 
6-7 kHz. At the BPF, the strong tone observed 
statically was reduced about 10 dB by tunnel flow 
and essentially eliminated. Inlet B responded 
strongly to this change in tone level. The atten- 
uation near the BPF for Inlet B is very large with- 
out tunnel flow. With tunnel flow, the attenuation 
at the BPF is near chat for the adjacent broadband 
frequency regions. This apparently enhanced at ;en- 
uaclon of a strong tone has also been observed In 
ocher studies. 15 in this study, the strong BPF 
Cone is caused by inflow disturbances and is not 
discrete. Whether Che high attenuation is related 
to the modal mixtures of such Inflow related tones 
and/or the response properties of the acoustic 
treatment is not known. Inlet A also exhibits some 
evidence of high tone attenuation whereas Inlet 
A(mod) appears to be Insensitive to the disappear- 
ance of the BPF tone. The degree to which the BPF 
cone attenuation exceeds the broadband attenuation, 
therefore^ appears to be directly related to the 
response of Che treatment to broadband noise. 

In the 6-7 kHz frequency region, some Increase In 
attenuation due to tunnel flow Is noted for all 
three inlets. Although the increase is small. Inlet 
A exhibits the largest increase and followed by 
Inlet A(mod) and B, respectively. This increase in 
accenuaclon occurs in the region of the BFF tone 
hormonlcs that were not designed to be cut-off. As 
discussed in the Section on source noise, rotor Im- 
perfections precluded the Isolated appearance of 
tone harmonics with tunnel flow. The spectra with 
tunnel flow (fig. 8), however, did exhibit families 
of discrete shaft order cones in: the 6-7 kHz region 
and figure 9 shows chat tunnel flow increased the 
level of their cones. The modal properties associ- 
ated with these shaft order cones could be a reason 
for increased attenuation. If it is, the honeycomb/ 
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pocEotate trcaCocnt appoats mote responsive to the 
particular change in modal properties chan the hulk 
absorber treatment o£ Inlet B, 

In summary, these 1/3-octave band spectral com- 
parisons show Che attenuations by the inlets were 
as good or better with tunnel How than without 
except for the high BPF tone attenuation obtained 
without tunnel flow. ' 

Directivity Patterns 

Figure 20 Illustrates the on-line directivity 
patterns observed for Inlet B at the same condi- 
tions shown for the hatdwall inlet in figure 6. 

These patterns are similar to chose obtained with 
the other inlets and at other conditions. Fig- 
ure 20, shows the time unsteadiness of the cones 
under static tests to be about the same level ob- 
served with Che hardwall inlet. Time unsteadiness 
appears relatively insensitive to ocoustlc treat- 
ment. Tunnel flow, however, did reduce the time 
unsteadiness of the Cones as was the case with the 
hardwall inlet. 

The attenuation directivity patterns for Inlets 
H and B obtained from an analysis of the on-line 
records are shown for the 3 fan speeds in figures 
21-23. Inlet A.(mod) is not shown because of the 
malfunction of the boom microphone. One unusual 
feature of these directivity patterns is the oscil- 
latory behavior with inlet angle exhibited at 
2XBPF with tunnel flow. These variations are 
caused by changes in the lobular directivity pat- 
tern noted for the 2XBPF tone with tunnel flow. 

The acoustic modes responsible for the lobular pat- 
terns differed for the hardwall and created inlets 
due to either some effect of the treatment on the 
Inflow or due to an operating point change caused 
by the inlet pressure loss. The extreme sensitivity 
of the noise from this fan to a small change in 
operating condition was discussed previously. In 
cither event, the varying behavior of the 2XBPF 
level cannot be considered an attenuation property 
of the acoustic treatment. The pattern includes 
the effects of a source noise change. An evalua- 
tion of the attenuation would require acoustic mode 
identification which is not possible at this time. 
The average attenuation over all inlet angles for 
Che 2XBPF Cone, however, does not appear to change 
significantly with tunnel flow for either inlet. 

The attenuation patterns for the BPF shows a 
relatively smooth variation with inlet angle for 
both inlet:'.. Without tunnel flow, the attenuation 
increases with an increase in inlet angle to a val- 
ue often exceeding 10 dB. With tunnel flow, the 
attenuation is lower and tends to peak in the 60° to 
80° angle region. At relatively large inlet angles, 
the attenuation is up to 10 dB lower with tunnel 
flow than without. These directivity patterns show 
chat the high attenuation of the BPF under static 
tests, previously noted in the 1/3-acCave spectra, 
maximized near the plane of the fan. This high 
attenuation at high inlet angles is expected from 
acoustic treatment. With tunnel flow, however, the 
BPF attenuation at high angles is low and decreas- 
ing. This difference in attenuation at high angles 
implies that tunnel flow not only reduced the BPF 
tone level but also reduced the proportion of modes 
near cut-off in the model mixture. The attenuation 
at 1.5XBPF at high inlet angles was also leas with 
flow than without for the two lower fan spaed con- 
ditions. This again implies th-t the source i.-ise 


is less heavily weighted with modes near cut-off 
with tunnel flow than during static tests. Ttie ob- 
servation that tunnel flow decreased the relative 
number of modes near cut-off was also made in the 
previous Section on source noise characteristics. 

The attenuation directivity at 2-1/2 BPF gener- 
ally exhibits a maximum at 60° to 80° from the 
inlet both with and without tunnel flow. The max- 
imum is usually somewhat higher with tunnel flow. 

The result implies that the acoustic treatment was 
most effective for the modes propagating to 60° to 
80° although the reason for such selective atten- 
uation was not apparent. In the source noise 
analysis, tunnel flow appeared to increase the pro- 
portion of modes propagating at 60° to 80° and re- 
duce the proportion of modes near cut-off. This 
may account for the higher maximum attenuation and, 
in most instances, the loss in attenuation at high 
angles obtained with tunnel flow. The reason for 
Che oscillatory behavior at high angles for the 
2-1/2 BPF attenuation shown in figure 21 is not 
known . 

In summary, the effects of tunnel flow on atten- 
uation with Inlets A and B ate primarily related to 
the flow effects on fan source noise noted pre- 
viously. Both inlets appear to predictably respond 
Co changes in the modal mixtures of the source 
noise. The population density of the modes in the 
mixture expressed in terms of cut-off or propaga- 
tion angle appears to be the major variable affect- 
ing attenuation properties. 

Narrowband Spectra 

Typical narrowband spectra for the fan operating 
with Inlets A and B obtained statically and with 
tunnel flow ate shown in figure 2A. The operating 
condition for these spectra is the same as for the 
hardwall inlet spectra shown in figure 8. In gen- 
eral appearance, the changes in the spectra due to 
tunnel flow for the treated inlet ere much the same 
as that observed with the hardwall inlet. Tunnel 
flow decreased Che BPF tone and exposed a multipli- 
city of highly variable shaft order Cones. As con- 
cluded previously, a rotor with undefined imperfec- 
tions is responsible for the shaft order cone con- 
cent in the spectra. 

The attenuations inferred by these narrowband 
spectra are shown in figures 25 and 26 whare the 
differences between the hardwall and treated inlet 
spectra are presented. These acccnuatlons are 
mainly Instvuctive to show that spectral differences 
obtained with tunnel flow exhibit larger variations 
with frequency than those for the static tests. A 
detailed discussion of the attenuation of specific 
shaft order tones is not considered useful for two 
reasons. One is that the attenuations vary signi- 
ficantly with inlet angle in some unknown manner. 

The ocher is related to the previously discussed 
sensitivity of the shaft order tone content of the 
spectra to a small change in operating condition. 

It is possible that the pressure loss of the Created 
inlets caused a small change in operating condition. 
The difference in the hardwall and created inlet 
spectra, therefore, contain a combination of source 
noise changes and attenuation properties. Such 
spectral changes are important to the spectral de- 
tail of attenuation obtained from narrowband analy- 
sis but have little impact on the l/3-octave band 
analysis previously discussed. The attenuation 
spectra shown in figures 2A-26, however, reveal the 
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spectral structures that can exist within a 1/3- 
octava band and suggests that the 1/3-octave band 
notions of broadband and BPF tone noise used pre- 
viously cannot be considered too literally. 

Comparison with Previous Ileaults 

The tests of the treated inlets with and without 
tunnel flow showed a variation in attenuation pro- 
perties dependent on source noise characteristics. 

A change in fan configuration with its differing 
source noise would also be expected to affect at- 
tenuation properties. This is confirmed by a com- 
parison of Inlets A and B results using Rotor-55 
with those obtained statically using the QCSEE- 
siinulator fan.^ The QCSEE-simulator is a somewhat 
higher tip speed fan with more rotor blades and 
without BPE tone cut-off at the design speed. 

Typical 1/3-octave band spectra for the hardwall 
and treated inlets obtained with the QCSES- 
Simulator fan and the NASA fan in static tests can 
be compared in figure Z7. The data shown for the 
two fans are for comparable fan total pressure 
rises. The spectral shapes arc similar for Che two 
fans, however, the BPF is at a higher frequency for 
the QCSEE fan. Spectral differences between Che 
two fans primarily occur at frequencies below the 
BPF. In this region the level for the hardwall 
inlet and the attenuation obtained from Inlets A 
and B are higher with the QCSEE fan than with the 
Rotor-55 fan. The narrowband spectra for the hard- 
wall QCSEE configuration at the operating condition 
for figure 27 is shown in figure 2S. Shaft order 
tones exist throughout the spectra but at frequen- 
cies below the BPF these tones are much more pro- 
nounced than those observed for the NASA fan in 
figure 8. These lower frequency tones msy signal 
the approach of sonic tip speed conditions where 
such tones are usually caused by shock structures 
attached to the blades. At 90% of design fan speed, 
however, the relative tip Mach number is only about 
0.85 and a shock structure would not normally exist. 
The prevalence of shaft order tones in figure 28, 
therefore, may simply be indicative of rotor im- 
perfections as in the case of the NASA fan. Re- 
gardless of the source of these tones , the source 
noise for the QCSEE fan at low frequencies consists 
of relatively strong shaft order tones. 

The directivities of the attenuation obtained 
from Inlets A and B with the QCSEE fan at 90% speed 
are shown in figure 29. These directivities are 
from reported 1/3-octave hand spectra taken at 10“ 
increments in the inlet quadrant. Directivities 
are shown for 1/3-octave frequencies comparable to 
those used in the NASA tests except that the be- 
havior at two lower frequencies is also displayed. 

In general, attenuation increased with inlet angle. 
This behavior, as previously discussed, is indica- 
tive of both a source noise mode mixture weighted 
toward cut-off modes and a preference of acoustic 
treatment to attenuate modes near cut-off. The 
attenuation at 0.5 BPF is an exception. At this 
frequency a relatively high attenuation is ex- 
hibited at all angles including the fan axis. The 
inlets, therefore, were very effective in reducing 
the level of the strong shaft order tones observed 
in this frequency region. The high attenuation 
along the fan axis is not expected from acoustic 
tceatment and the attenuation levels at 0.5 BPF, 
therefore, are suspected to contain some combina- 
tion of attenuation and cither a change in source 
noise or manner of duct propagation. 


The source noise characteristics and the inlet 
attenuation varied with fan speed In the QCSEE 
tests as was the case in the NASA tests. In par- 
ticular, the QCSEE tests included the changes in 
fan source noise encountered during the transition 
CO supersonic tip speed operation. Neglecting 
these differences, a comparison of the average at- 
tenuations obtained with the QCSEE fa.i with those 
for the NASA fan is shown In figure 30. The aver- 
age at 60" and 90“ at all test conditions for the 
QCSEE fan are compared with similar averages for 
Che NASA fan previously shown in figure 19. The 
differences in the attenuation spectra appear most 
pronounced at frequencies less chan about 6 kHz for 
both Inlets A and B. The QCSEE results show better 
agreement with the NASA static test results than 
with the NASA tunnel flow tests. In general, how- 
ever, the average attenuation below 6 kHz was 
greatest for the static QCSEE tests. The low fre- 
quency peak for the Inlet B in the NASA static 
tests probably should be neglected in this gener- 
ality. This peak closely approximates Che BPF tone 
suppression, whereas, in the QCSEE tests any opti- 
mum: BPF Cone properties are obscured by averaging 
over a large speed change. Also a prominent BPF 
cone was not present at supersonic tip speeds in 
the QCSEE tests. 

The conclusion drawn from comparisons with the 
QCSEE results 1? that attenuation below about 6 kHz 
is highly sensitive to the source noise present 
(with Inlet B appearing more sensitive Chan 
Inlet A). Attenuation at low frequencies appears 
Co be high because strong shaft order tones are 
present and the behavior is similar to the high BPF 
tone attenuation experienced in the NASA static 
tests. 

Treatment Self-Noise 

The negative attenuation at 20 kHz noted earlier 
for Inlets A and A(mod) in the NASA tests was also 
evident in the QCSEE test results. The negative 
attenuations were observed at nearly all inlet 
angles and test conditions and resulted in Che aver- 
age negative attenuation shown in figure 30. Noise 
generated by Che acoustic treatment is a probable 
cause for the negative attenuations. This addition- 
al noise for Inlet A is evident in the spectra shown 
in figure 27. A peak Chat protrudes above the hard- 
wall inlet level at 20 kHz is evident for Che QCSEE 
results and a peak is also implied in Che NASA re- 
sults. 

Flow through a duct line with honeycomb/perforace 
treatment can generate a tone-like noise. Recent 
Invescigators^®’^^ of this treatment self-noise have 
concluded Chat the noise is generated when the 
alrjets formed by the activated acoustic treatment 
arc exposed to a cross-flow. A Cpne-llke noise com- 
pletely contained within a 1/3-octave bandwidth is 
usually generated. The frequency of this noise cor- 
responds Co the vortex shedding frequency for flow 
past cylinders with diameters equal Co Cha hole size 
in the perforated faceplate. The Jetting action of 
the treatment occurs when hoaeycomb/perforate struc- 
ture is exposed to the pressure disturbances in Che 
turbulent boundary layer or to acoustic pressures. 
The Jetting action always exists but is strongest 
when Che frequency range of the exciting disturb- 
ances encompass the tuning frequency of the treat- 
ment. Jetting action is not expected or Is highly 
subdued with the bulk-absorber/pcrforacc treatment. 
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The predicted frequency for the treatment self- 
nolsc Is obtained from the Strouhal number rela- 
tionship given by 



when S is the Strouhal number, f is the frequen- 
cy of the generated noise, D is the hole diameter 
in Che face place and v is the crossflow or duct 
velocity, The Strouhal number has been found to bo 
relatively constant although there is some depend- 
ence on hole diameter and velocity. For Che con- 
ditions of the fan tests, the Strouhal number is 
about 0.2. 

The duct Mach number in Che fan tests was a 
variable because pf changes in fan speed and dif- 
fusion in the inlet. Typically, the Mach number 
was about 0.6 or a velocity of about 174 m/scc. 

The hole diameter for Inlet A Is 0.158 cm. Using 
these values, the predicted frequency is 22 kllK. 

A tone-like noise at this frequency would fall in 
the 20 kHz 1/3-octave band. The result implies 
that treatment self-noise was the source of Che 
addition noise and the cause of the apparent nega- 
tive attenuations at the 20 kHz 1/3-octave band 
frequency for Inlet A as well as Inlet A(mod). 

The sound power level in the 20 kHz 1/3-octave 
band reported for the QCSEE teats translates into 
an intensity level of about 125 dB in the duct. 

The NASA data have a similar duct intensity level. 
Measurements of duct Intensities in experiments 
with treatment self-noise^® show the intensity 
Co be highly variable. Measured levels for various 
configurations ranges from 110 to 150 dB. A level 
of 125 dB, as inferred from the fan tests, is in 
this range and also tends Co identify the addition- 
al noise as treatment self-nolse. 

Summary of Results 

The results of the tests made to evaluate the 
effect of Inflow clean-up obtained by wind tunnel 
flow on the attenuation properties of three treated 
low-Mach-number inlets using a subsonic tip speed 
fan are summarized as follows. 

1. The far field noise levels of Che fan stage 
with Che Created inlets measured under conditions 
of simulated flight were generally as low or lower 
than those obtained under static test conditions. 

2. Tunnel flow significantly affected Che fan 
source noise and thus the attenuation by the treat- 
ed inlets. Alterations In Che attenuation were 
mostly confined to Che frequency region where 
source noise changes were observed. The effects 
observed in 1/3-oc cave-band analyses of fixed and 
traversing microphone measurements are summarized 
in results 3 to 7. 

3. The source noise is characterized by a strong 
blade pas<.age frequency (BPF) Cone In static test 
but not with the tunnel flowing because of the cut- 
off design features of the fan stage. In static 
tests, the strong cone was more highly attenuated 
than Che adjacent broadband noise. The difference 
in attenuation varied with the response of the inlet 
treatment and In some instances approached 10 dB. 
With tunnel flow, when tone cut-off was observed , 
the attenuation at the tone frequency was compar- 
able to that for broadband noise. Directivity 


results for the BPF Imply that tunnel flow reduces 
Che proportion of modes near cut-off. 

4. The design intent of Che inlets was quali- 
tatively exhibited in both a static and tunnel flow 
comparison of averaged attenuation properties. The 
static results, however, exhibit the high attenua- 
tion of the BPF Cone chat varies with the response 
properties of the Inlet. The maximum attenuation 
at mid-frequencies expected in the attenuation 
spectra was observed. The maximum was larger by 
several dB In the tunnel flowing tests. The maxi- 
mum, however, appeared to occur at a frequency of 
about one-half chat expected from the reported 
tuning frequency of the treatment. The modal con- 
tent of the noise that controls the frequency of 
the peak attenuation for the treatment apparently 
differed significantly from the single mode assump- 
tion used for Che calculated values. 

5. The attenuation directivity of the 2XBPF 
tone with tunnel flow was highly variable compared 
to that obtained statically. The variable attenua- 
tion was caused by the lobular directivity pattern 
that characterized the 2iCBPF Cone during tunnel 
flow. The created inlets altered the shape of the 
lobular directivity pattern and the implied atten- 
uation directivity is a combination of both atten- 
uation and source noise changes. The average at- 
tenuation over the far field, however, was not 
significantly affected by tunnel flow. 

6. Attenuation directivity at 1-1/2XBPF, pre- 
sumed to be broadband noise, generally exhibited a 
loss in attenuation at high directivity angles due 
to tunnel flow. Source noise also was reduced by 
tunnel flow at high angles. The results Imply that 
tunnel flow causes a relative decrease in the pro- 
pagation energy of the modes near cut-off. 

7. Attenuation directivity at 2-1/2XBPF, pre- 
sumed to be broadband noise, exhibited a maximum in 
Che region 60° to 80° from the inlet axis. This 
maximum attenuation was usually Increased by tunnel 
flow and the increase appears to relate to an in- 
crease in source noise propagating in Che 60° to 
80° direction. 

3. Narrowband spectral analyses revealed chat 
fan source noise is characterized by a multiplicity 
of shaft order cones that is indicative of unequal 
rotor blade spacings or angle settings. The 1/3- 
octavc bands, particularly with tunnel flow, do not, 
therefore, simply contain a dominant BPF tone and/ 
or broadband noise but can also Include relatively 
prominent shaft order Cones. The level and number 
of these tones are highly variable with inlet angle 
and with changes In fan speed and inlet configura- 
tion. These shaft order tone properties preclude 
the use of the relatively simple modal characteriza- 
tion of the BPF Cones that is based on perfect fan 
stage geometry. The modal description at all fre- 
quencies appears to be highly complex, 

9. A comparison of the attenuation results with 
Chose from previous static tests of the inlets with 
a different fan stage shows qualitative agreement. 
The difference in attenuation wos comparable in 
magnitude to that noted between oCacic and tunnel 
flow tests with the same fan and can be identified 
with source noise changes. 

10. A cone-like treatment self-noise at a fre- 
quency of 20 kHz was identified in the results 


obtained with Inlets using a honey comb/perforate 
treatment. The self-noise accounted for the Im- 
plied values of negative attenuation observed at 
20 kHa. 

References 

1. Mectlman, J. E. and Good, R. C., "Effect of 

Forward Motion on Fan Noise," AIAA Paper 
75-^6A, Hampton, Va., 1975. 

2. Rice, E. J., "Spinning Mode Sound Propagation 

in Pucts with Acoustic Treatment," NASA TN 
D-7913, 1975. 

3. Heldmann, M. F. and Dietrich, D. A., "Simula- 

tion of Flight-Type Engine Fan Noise in the 
HASA-Lewls 9x15 Anccholc Wind Tunnel," NASA 
TM X-73540, 1977. 

4. Dietrich, D. A., Heldmann, M. F. , and Abbott, 

J. M. , "Acoustic Signatures of a Model Fan 
in the NASA-Lewls Anecholc Wind Tunnel," 

AIAA Paper 77-59, Los Angeles, Calif., 1977. 

5. Tyler, J. M. and Sofrin, T. C. , "Axial Flow 

Compressor Noise Studies," SAE Transaction s, 
Vol. 70, 1962, pp. 309-332. 

6. Bllwahesh, K. R. and Clemons, A., "Acoustic 

Tests on a 20-Inch Diameter Scale ‘toael Fan 
and Inlet for the Undcr-thc-Wing E.lgine 
(QCSEE)," General Electric Co., Cr-135117, 
1975. 

7. Abbott, J, M., Dietrich, J. H., and Williams, 

R. C., "Low Speed Aerodynamic Performance of 
50.8 cm Diameter Noise Suppressing Inlets for 
the Quiet, Clean, Short-Haul Experimental 
Engine (QCSEE)," NASA TM to be published. 

8. Mather, J. S. B., Savldge, J., and Fisher, 

M. J. , "Hew Observations on Tone Generation 
in Fans," Journal of Sound and Vibration . 

Vol. 16, 1971, pp. 407-418. 

9. Mugridge, B. D., "Axial Flow Fan Noise Caused 

by Inlet Flow Distortions," Journal of Sound 
and Vibration . Vol. 40, 1975, pp. 497-512. 

10. Duncan, P. E. and Dawson, B., "Reduction of 

Interaction Tones From Axial Flow Fans by 
Non-Unlfona Distribution of the Stator 
Vanes," Journal of Sound and Vibration . 

Vol. 38, 1975, pp. 357-371. 

11. Saule, A. V., "Some Observations About the 

Components of Transonic Fan Noise from 
Narrow-Band Spectral Analysis," NASA TN 
D-7788, 1974. 

12. Saule, A. V., "Modal Structure Inferred From 

Static Far-Fleld Noise Directivity," AIAA 
Paper 76-574, Palo Alto, Calif., 1976. 

13. Rice, E. J. , "Multimodal Far-Fleld Acoustic 

Radiation Pattern - An Approximate Equation," 
AIAA Paper 77-1281, Oct. 1977. 

14. Rice, E, J. , "Inlet Noise Suppressor Design 

Method Based Upon the Distribution of Acous- 
tic Power with Mode Cutoff Ratio," in 
Advances in Engineering Science , NASA 
CP-2001-Vol. 3, 1977, pp. 883-854. 


15. Aircraft Engine Noise Reduction, NASA SP-311, 

2972. 

16. Tsui, C. Y. and Flandro, G. A., "Self-Induced 

Sound Generation by Flow Over Perforated Duct 
Liners," Journal of Sound and Vibration . 

Vol. 50, 1977, pp. 315-331. 

17. Bauer, A. B. and Chapki.f,, R. L. , "Noise Gener- 

ated by Boundary-Layer Interaction with Per- 
forated Acoustic Liners," Journal of Aircraft . 
Vol. 14, Feb. 1977, pp. 157-166. 


10 


-9247 


W 


TABLE I. - EAN DESIGN PARAMETERS 


Fan diameter . * 20 in. (50.8 cm) 

Pressure ratio 1.2 

Rotor tip speed . . . 700 ft/sec (213 ra/s) 

Hub/tip ratio 0.46 

Rotor tip solidity 0.9 

Rotor/stator spacing ... 1 chord (nominal) 


Rotor blades 15 

Stator vanes 25 

Vane/blade ratio 1. 67 



TABLE II 


INLET DESIGNS 





Perforated faceplate 


Inlets Section Tuning frequency 
calculation, 

Hz Porosity, Hole dlain* Thickness, Depth, 

percent eter, cm cm 


0.0508 

.0508 

.0508 


A(mod) 



0.0508 

.0508 



Broadband pro- 
perties 



0.114 

.114 

.114 


0.081 

.081 

.081 


Backing 



1. 42 Honeycomb 
. 325 Honeycomb 
. 134 Honeycomb 


0. 325 Honeycomb 
.134 Honeycomb 



Bulk absorber (Scottfelt) 
Bulk absorber (Scottfelt) 
Bulk absorber (Scottfelt) 




Hardwall 


Solid faceplate, all sections 
































-jZAl 


UJ 



Figure 1.- Model fen installed in the anechoic wind tunnel. 
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Figure 3. - Typical narrowband spectra for static test con- 
ditions showing shaft order tones. 


Figure 2. - Performance map of model 
fan. 
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Figure 4. - Allowable lowest radial order spinning acoustic modes tor nxxlel Ian at 106% design speed. 
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(c) 110 PERCENT FAN SPEED. 

Figure y. - Hardwall inlet far-field spectral properties. 
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Figure 6. - Hardwall inlet directivity patterns 
at 106 percent fan speed. 
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Figure 7. - Effect of tunnel flow on direc- 
tivity patterns of hardwall inlet 
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Figure 9. - Difference in narrcMband spectral levels at 
60^ caused by wind tunnel airflow. 
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Figure IQi - Difference in narrowband spectral levels 
measured at inlet angles of 60° and 90° 
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Figure 12. - Inlet A (3 segment honeycomb) far-field spectral 
properties. 
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(c) no PERCENT FAN SPEED. 



Figure 13. - Inlet A(MOD) (2 segment honeycomb! (ar-field 
spectral properties. 
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Figure 14. - Inlet B (bulk absorber) fa'-field spectral properties. 
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(c) 110 PERCENT FAN SPEED. 

Figure 15. - Inlet A (3 segment honeycomb! attenuation spectra. 
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Figure 16. - Inlet A(MOD) (2 segment honeycomb) attenuation 
spect a. 
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(C) 110 PERCENT FAN SPEED. 

Figure 17. - Inlet B (bulk absorber) attenuation spectra. 
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Figure 18. - Comparison of attenuation levels averaged over 
95. 106, and 110 p3rcent fan speeds and 60° and 90° inlet 
angles. 
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Figure 19. - Effect of tunnel flow on attentuation levels 
averaged over 95. 106. and 110 percent fan speeds 
and 60° and 90° inlet angles. 
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Figure 20 - Inlet B directivity patterns at 
106 percent fan speed. 
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Figure 21. - Attenuation directi^ites at 95 percent fan 
speed. 
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Figure 2Z - Attenuation directivities at 106 percent fan 
speed. 
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Figure 23. - Attenuation directivities at 110 percent fan 
speed. 
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Figure 24 - Inlet A and Inlet B narrov^band spectra at 
106 percent speed and 60° inlet angle 
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Figure 25. - Inlet A narrowband attenuation spectra 
at 106 percent fan speed and 60° inlet angle. 
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Figure 26. - Inlet B narrowband attenuation spectra 
at 106 percent fan speed and 60^ inlet angle. 
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(b) NASA ROTOR 55 FAN STAGE. 106 PERCENT 
FAN SPEED. 

Figure 27. -Hardwall. Inlet A and Inlet B 
far-field spectral properties at 60° inlet 
angle with two different fan stages under 
static test conditions. 
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Figure 28. - Narrowband spectra of OCSEE simulator 
fan stage with hardwall inlet ar 90 percent fan 
speed and 60° inlet angle (ref. 61. 
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Figure 29. - Inlet A and Inlet B attenuation directivities 
obtained with OCSEE simulator (an stage (ref. 61 under 
static test conditions. 
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Figure 3Q - Comparison o( mean attenuation levels obtained 
with OCSEE simulator and rotor 55 (an stages. 


